Clinical guidelines for the prevention of stroke in patients with nonvalvular atrial fibrillation (NVAF) are available from several international cardiology associations. Patients with NVAF in the Middle East and North Africa (MENA) region present unique challenges and opportunities related to differences in geography, practice patterns, and patient demographics that are as yet unaddressed in practice guidelines. This review aims to offer a practical perspective on the management of NVAF in patients in MENA and draws on evidence-based guidelines as well as real-world evidence and expert opinion. The literature was searched for relevant original research articles, systematic reviews, metaanalyses, and guideline recommendations addressing the prevention of stroke in patients with NVAF with a focus on issues relevant to the MENA region. Guideline recommendations, best practices, and expert opinion were discussed and agreed on by a working group consisting of cardiologists from across the MENA region. The incidence of stroke secondary to atrial fibrillation in patients across the MENA region is higher than rates reported globally, and this might Production and hosting by Elsevier be attributed to a higher incidence of vascular risk factors and underuse of anticoagulants in patients in the MENA. The available evidence supports the established role of non-vitamin K antagonist oral anticoagulants (NOACs) in the prevention of stroke in patients with NVAF. There is a consistent body of clinical trial and real-world evidence supporting their efficacy for stroke prevention in NVAF, with more favorable bleeding risk profiles relative to vitamin K antagonists, such that guidelines now recommend the use of NOACs in preference over vitamin K antagonists. There are important opportunities to improve the management of NVAF outcomes for patients with NVAF by applying evidence-based guidelines for stroke prevention. Growing experience with NOACs in the MENA region will help guide patient selection and elucidate optimal dosing strategies to maximize the clinical benefits of the NOACs. Ó 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
I n the past decade, non-vitamin K oral anticoagulants (NOACs) have emerged as alternatives to vitamin K antagonist (VKA) therapies for stroke prevention in patients with nonvalvular atrial fibrillation (NVAF). As opposed to VKAs, NOACs are direct and specific inhibitors of a single factor in the coagulation cascade. To date, three agents have been approved in most countries in the Middle East and North Africa (MENA) region: dabigatran is an activated factor II (FIIa or thrombin) inhibitor, whereas rivaroxaban and apixaban are antagonists of activated factor X (FXa). A third FXa antagonist, edoxaban, was not yet approved at the time these practical perspectives were developed.
Although warfarin, the most commonly used VKA, has been the therapeutic standard for stroke prevention in patients with NVAF for several decades, it presents many limitations to clinical use. NOACs have the potential to address clinical needs in prevention of stroke and systemic embolism for patients with NVAF that are still unmet by VKAs, and this is supported by their widespread uptake in recent years. Several papers have summarized the pharmacology and pharmacokinetics of NOACs and provided clinical guidelines and recommendations on their use [1] [2] [3] [4] [5] . The management of patients with NVAF in the MENA region presents some unique challenges and opportunities related to differences in geography, practice patterns, and patient demographics, relative to the Phase III studies that have largely been carried out in North America, Europe, and Asia.
Using a convenient question and answer format, this review aims to provide practical guidance to cardiologists in the MENA to implement NOACs in their routine management of stroke prevention in NVAF.
Material and methods
A group of expert cardiologists from the MENA region convened in March 2016 to discuss regional issues related to stroke prevention in patients with NVAF. Current evidence and perceived gaps in regional knowledge were identified and discussed. A literature review was subsequently conducted; PubMed, Google Scholar, and conference abstracts were searched for relevant original research articles, systematic reviews, metaanalyses, and guideline recommendations to address the clinically relevant topics that were identified by this expert group.
Results and discussion
What is NVAF?
The European Heart Rhythm Association (EHRA) defines NVAF as atrial fibrillation (AF) that is not accompanied by moderate-to-severe mitral stenosis (usually of rheumatologic origin) nor by mechanical prosthetic heart valves [6] . Although there has been recent debate in the literature regarding the heterogeneous definitions of NVAF used in clinical trials [7] , it is beyond the scope of this review to discuss unapproved indications for NOACs (e.g., in patients with aortic stenosis or mitral regurgitation).
What is the incidence, prevalence, and burden of NVAF?
The estimated number of patients with AF in 2010 was 33.5 million worldwide, and the global AF-associated burden of disease increased by 18% between 1990 and 2010 [8] . In MENA countries, the prevalence of AF in 2010 was similar to the prevalence in developed countries globally [8] . However, epidemiological studies suggest a differential prevalence of some classic stroke risk factors. In the Saudi Atrial Fibrillation Survey registry, patients with AF had high rates of smoking (24%), hypertension (63%), diabetes (48%), and dyslipidemia (44%) [9] . In contrast, a metaanalysis of observational studies from Europe and North America reported the following prevalence rates: smoking, 12-43%; hypertension, 39-68%; diabetes mellitus, 5-18%; prior stroke/transient ischemic attack (TIA), 4-17%; and coronary artery disease (CAD), 5-32% [10] . Limited data on NVAF-associated thromboembolism specific to the MENA region suggest the 1-year rate of stroke or TIA in patients admitted to the hospital with AF is higher (4.2%) [11] than that in Western countries (0.5-2%) [12] [13] [14] . Adherence to antithrombotic guidelines in a European study was significantly correlated with better outcomes with respect to mortality, thromboembolism and bleeding [15] . Therefore, the relatively high risk of stroke in patients with AF in the MENA may be attributable, at least in part, to suboptimal management of anticoagulation therapy. These data highlight important opportunities to improve AF management specifically in the MENA.
How should NVAF patients be risk stratified for oral anticoagulation?
Accurate risk stratification of patients with NVAF may help optimize prescription patterns for antithrombotic therapy, address the underuse of this therapy in MENA countries, and ultimately, lessen the burden of stroke and its complications in patients with NVAF. In patients with NVAF, the newer CHA 2 DS 2 -VASc score is recommended for stroke risk assessment [13, 16, 17] , whereas the HAS-BLED [Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile INR (international normalized ratio), Elderly, Drugs/alcohol concomitantly] score is recommended for bleeding risk assessment [1] . Bleeding risk estimation should not exclude patients from antithrombotic therapy [1] . Instead, it should be used to inform bleeding risks and suggest which patients would benefit from closer monitoring and/or from modifying risk factors [1] .
It should be noted that many of the risk factors that make up the CHA 2 DS 2 -VASc and the HAS-BLED scores overlap such that patients at the highest risk of stroke are also at the highest risk of bleeding [18] .
What are the key advantages and disadvantages of VKA therapy?
VKAs such as warfarin have been the hallmark of stroke prevention in NVAF for more than six decades. They have well-characterized advantages but also many disadvantages (Table 1) , which may account for suboptimal use of VKAs across the world [19] [20] [21] [22] . This underscores the need and opportunity for antithrombotic treatment options that are easier to manage and with better risk-benefit profiles. Indeed, the most recent European guidelines recommend that patients on VKAs whose time in therapeutic range is not well controlled (<60-70%) despite good adherence and without contraindications, should be considered for NOAC treatment [1] .
What do the guidelines recommend for oral anticoagulation in NVAF?
The key antithrombotic recommendations from the European Society of Cardiology (ESC) and the American College of Cardiology/American Heart Association are summarized in Table 2 . Similar messages for oral anticoagulation (OAC) in NVAF emerge from the Saudi Arabia Ministry of Health guidelines [23] . All available NOACs are indicated for the prevention of stroke and systemic embolism in patients with NVAF who are candidates for OAC therapy.
The guidelines differ with respect to recommendations for specific anticoagulation therapy. Whereas the ESC and Saudi guidelines recommend using one of the NOACs in preference to a VKA for most patients with NVAF (Level IA) [1] , the American guidelines do not prefer NOACs over VKAs; ''if patients are stable, their condition is easily controlled, and they are satisfied with warfarin, it is not necessary to change to a new agent'' [2] . However, American guidelines state that ''for patients with NVAF unable to maintain a therapeutic international normalized ratio (INR) level with warfarin, use of a direct thrombin or factor Xa inhibitor is recommended'' (Level IC) [2] . The European guidelines do not recommend antiplatelet monotherapy for stroke prevention in AF patients, regardless of stroke risk [Level IIIA (harm)] [1] , because the evidence suggests that single or dual antiplatelet therapy is inferior to VKA therapy with a higher risk of bleeding. In comparison, the American guidelines, which were published 2 years earlier in 2014, acknowledge the lower risk-benefit of antiplatelet therapy but do not include a formal recommendation [2] . The Saudi guidelines acknowledge that some patients at low risk of stroke (CHADS 2 score = 0) will choose antithrombotic therapy particularly if they place a high value on stroke prevention and low value on bleeding risk [23] . In such patients, the Saudi guidelines recommend that acetylsalicylic acid (ASA; 75 to 325 mg once daily) be used rather than OAC (weak recommendation, moderate quality evidence) [23] .
What are the absolute and relative contraindications to NOAC therapy?
Patients with severe impairment of renal function were excluded from all NOAC registration trials; therefore, these agents are not approved for patients with creatinine clearance (CrCl) <30 mL/ min (dabigatran) and CrCl <15 mL/min (FXa inhibitors) [17] . The different CrCl threshold reflects the renal elimination of dabigatran, whereas FXa inhibitors are only partially eliminated via the kidneys. Anticoagulation in patients with advanced kidney disease remains a clinical challenge; the ongoing Compare Apixaban and Vitamin-K Antagonists in Patients With Atrial Fibrillation and End-Stage Kidney Disease and Renal Hemodialysis Patients Allocated Apixaban Versus Warfarin in Atrial Fibrillation trials are evaluating the safety and efficacy of apixaban in patients with end-stage kidney disease and in patients on hemodialysis, respectively. Patients with moderate-to-severe mitral stenosis or with a mechanical prosthetic valve were also excluded from registration trials; therefore, NOACs should be solely used in NVAF until further data supporting expanded indications are available. Clinically active severe bleeding [i.e., major, intracranial or gastrointestinal (GI)], spontaneous or pharmacological impairment of hemostasis, and pregnancy and lactation should be considered absolute contraindications to NOAC therapy.
Clinically relevant bleeding risk, liver disease associated with coagulopathy, and presence of organic lesions at risk of bleeding, are relative contraindications to NOACs [4] . Table 2 (continued) ESC guidelines [1] ACC/AHA guidelines [2] Mechanical heart valves and mitral stenosis What are the key differences between the NOACs?
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As opposed to VKAs, NOACs are specific inhibitors of a single factor in the coagulation cascade (Table 3) . Despite different targets, all NOACs have rapid onset of action (peak plasma levels in 2-4 hours) and relatively short half-lives (8-12 hours), and-compared to VKAs-carry minimal food restrictions and drug interactions (reviewed by Fontana et al. [4] ).
Bioavailability and metabolism vary between the NOACs. Dabigatran is mostly (>80%) eliminated by the kidneys, whereas renal elimination of rivaroxaban and apixaban is considerably less at $50% [24, 25] . Assessment of renal function through CrCl is therefore necessary for all NOACs [1, 2] , but especially for patients using dabigatran. The use of FXa inhibitors should be preferred to dabigatran in patients with impaired kidney function.
Absorption of all NOACs is dependent on intestinal P-glycoprotein (P-gp) [26] . Consequently, NOACs should be avoided in combination with any treatment that affects P-gp activity. Furthermore, FXa inhibitors, but not the FIIa inhibitor dabigatran, are metabolized by cytochrome P450 CYP3A4 and should therefore not be prescribed concurrently with strong modulators of the CYP3A4 pathway [6, 27] . Clinicians are encouraged to refer to specific product information for a complete listing of food-drug and drug-drug interactions for each NOAC.
What is the comparative efficacy and safety of NOACs versus VKAs?
Several large-scale, Phase III clinical trials have evaluated the efficacy and safety of NOACs compared to warfarin (Table 4) . Overall, the current data on NOACs support their noninferiority (dabigatran both doses, rivaroxaban, and apixaban) and superiority (dabigatran 150 mg and apixaban) in terms of preventing stroke and systemic embolism in patients with NVAF, and their superiority (dabigatran 110 mg and apixaban) in terms of major bleeding, compared to warfarin ( Fig. 1) [25, 28] . Because of these net clinical benefits, European [1] , Saudi [23] , and Canadian [3] guidelines recommend using these new-generation antithrombotic agents over warfarin, whereas the American guidelines recommend using either VKAs or NOACs, with no preference over one class of drugs [2] .
There are no head-to-head studies directly comparing different NOACs. The heterogeneity of patients enrolled in various NOAC registration trials and other study design differences render it impossible to directly compare the efficacy and safety of these agents [29] . At this point, individual patient characteristics, comorbidities, tolerability, food-drug and drug-drug interactions, and cost constitute important decision-making factors when selecting an anticoagulation strategy.
What is the comparative efficacy of NOACs versus aspirin?
Only one clinical trial evaluated the efficacy and safety of a NOAC compared to aspirin. In the Apixaban Versus Acetylsalicylic Acid [ASA] to Prevent Stroke in Atrial Fibrillation Patients Who Have Failed or Are Unsuitable for Vitamin K Antagonist Treatment study, patients who were unsuitable or not willing to take VKAs were randomized to either apixaban [5 mg, twice daily (b. i.d.)] or aspirin (81-324 mg/d) [30] . There were significantly lower rates of stroke/systemic embolism with apixaban, and the trial was terminated early, after a mean follow-up of 1.1 years. Rates of adverse bleeding events were comparable between the two arms [30] . Based on these data, apixaban shows net clinical benefit compared to aspirin in patients who are not suitable candidates for VKA.
What is the real-world evidence for NOACs for stroke prevention in NVAF?
Although randomized controlled trials (RCTs) remain the gold standard for the evaluation of new therapeutics, there is increasing focus on the important contributions of real-world evidence [31] . Real-world evidence can be described as insights on diseases, products, and patient populations derived from the analysis of data generated from nonexperimental sources (e.g., databases, electronic medical records, postmarketing registries, pragmatic trials). As such, realworld evidence complements data from RCTs by evaluating a new therapeutic approach under conditions more representative of the routine clinical setting. Guidelines typically do not account for real-world evidence in their recommendations; therefore, these practical perspectives are unique in considering the applicability of real-world evidence to clinical practice. NOACs have been commercially available for several years now, and the accumulating realworld evidence on their use broadly confirms the results of the landmark NOAC registration trials. Many studies and registries are ongoing and reporting data, such that the field is rapidly evolving. It is beyond the scope of this review to discuss all of the available data, but a few studies merit attention. For example, an ongoing American study of more than 134,000 Medicare patients newly treated with dabigatran or warfarin confirmed that dabigatran significantly lowers the risk of ischemic stroke [hazard ratio (HR) = 0.80; 95% confidence interval (CI), 0.67-0.96] and intracranial bleeding (HR = 0.34; 95% CI, 0.26-0.46) compared to warfarin [32] . However, in contrast to the RCTs, there was a significantly lower risk of all-cause mortality (HR = 0.86; 95% CI, 0.77-0.96) and a significantly higher risk of major GI bleeding (HR = 1.28; 95% CI, 1.14-1.44), whereas there was no difference in risk of acute myocardial infarction between the two drugs (HR = 0.92; 95% CI, 0.78-1.08) [32] .
Although systematic reviews and meta-analyses of RCTs provide indirect evidence supporting relatively comparable efficacy profiles for the NOACs [33] , real-world evidence may elucidate differentiating features between these agents. For instance, real-world evidence from a Danish registry of all NVAF patients (n = 61,678) newly treated with OACs from August 2011 to October 2015 suggests that the annual risk of death over 1 year of follow-up was significantly lower with apixaban and dabigatran compared with warfarin [HR = 0.65 (95% CI, 0.56-0.75) and 0.63 (95% CI, 0.48-0.82), respectively] but not with rivaroxaban [34] . All three NOACs were similarly effective as warfarin for prevention of ischemic stroke, whereas only rivaroxaban was associated with a lower risk of ischemic stroke or systemic embolism compared with warfarin (HR = 0.83; 95% CI, 0.69-0.99). In this same registry, the combined endpoint of any bleeding was significantly lower with apixaban and dabigatran versus warfarin [HR = 0.63 (95% CI, 0.53-0.76) and 0.61 (95% CI, 0.51-0.74), respectively] whereas rivaroxaban was not significantly different [34] .
The results of several retrospective US registries have been recently reported at major congresses and are contributing evidence for differences between the NOACs with respect to bleeding risk and hospitalizations ( Table 5 ). The growing body of real-world evidence provides reassurance to clinicians that the potential bleeding risks of NOACs as reported in their respective registration trials have been relatively consistent with routine clinical populations. Although real-world studies inherently have limitations and confounding factors, most [35] [36] [37] [38] [39] [40] [41] , but not all [42] , of the available data support the superiority of apixaban and dabigatran compared to rivaroxaban or VKAs in terms of bleeding risks.
Real-world evidence for NOACs in the MENA region is sorely lacking. In the Global Registry REVIEW ARTICLE on Long-Term Oral Antithrombotic Treatment in Patients with Atrial Fibrillation (GLORIA-AF) Phase 2 study, which includes more than 15,000 NVAF patients, less than 600 (roughly 4%) were from the MENA region [43] . Given the differences in prevalence and risk factors for stroke and NVAF in the MENA region, there is a need to better understand the real-world efficacy and safety of NOACs in this population.
As the real-world evidence base continues to expand, it is likely that clinicians will be better able to tailor specific treatments to individual patients to maximize net clinical benefits and minimize potential harms.
How should NOACs be dosed in clinical practice? What dosing adjustments are required?
The label dosing recommendations of NOACs reflect the dosages evaluated in the Phase III registration trials for the individual agents ( Table 6 ). Dosing of NOACs is relatively straightforward with advantages over VKAs, notably rapid onset of action after oral intake, fixed dosing regimens, and no need for anticoagulation monitoring [6] . Although there are few food interactions with the NOACs relative to VKAs, food intake increases the bioavailability and absorption of rivaroxaban by 39% [26] . It is therefore recommended that rivaroxaban be taken with food [44] whereas the other NOACs can be taken with or without food.
What dosage adjustments are required with the NOACs based on renal impairment?
Renal impairment is an independent risk factor for both stroke/systemic embolism and bleeding events in patients with NVAF [6] . Therefore, the net clinical benefit of anticoagulation in NVAF patients with renal disease must be carefully assessed prior to initiating antithrombotic therapy. The Phase III RCTs for the NOACs included patients with mild-to-moderate renal impairment with protocol-mandated dose reductions, but patients with severe renal impairment or endstage renal disease requiring dialysis (CrCl <30 mL/min and <15 mL/min, respectively) were excluded. Therefore, these agents are not approved for patients with CrCl <30 mL/min (dabigatran) and CrCl <15 mL/min (FXa inhibitors) [17] .
What dosage adjustments are required with the NOACs during periods of fasting?
Patients observing the holy month of Ramadan may require adjustments to their medication regimens. There is no direct evidence from RCTs to provide guidance on dosing adjustments with fasting during Ramadan; however, clinical practice suggests that drugs taken once or twice daily, such as NOACs, do not need to be adjusted [45] .
Clinicians should be aware that many patients alter their normal drug intake patterns to accommodate fasting and some may stop taking their What dosage adjustments are required based on body weight? Dosage adjustments are recommended for patients with very high or low body weight. According to product labels, the recommended dose of apixaban is 2.5 mg taken orally twice daily in patients with NVAF and at least two of the following characteristics: age !80 years, body weight 60 kg, or serum creatinine !1.5 mg/dL (133 lmol/L). Close clinical surveillance is recommended with dabigatran in patients <50 kg. There are no recommended dosage adjustments based on body weight for rivaroxaban. There is little clinical evidence to guide NOAC dosing in obese patients, because patients weighing >100 kg were largely underrepresented in the Phase III clinical studies (<20%). Some experts have suggested that VKAs should be preferred over NOACs in patients whose body weight exceeds 130 kg based on this lack of evidence, although this cut-off is arbitrary [4] . Further studies evaluating the efficacy and safety of NOACs in the obese population are needed. This is particularly true in the MENA region, where obesity is a common risk factor among patients with NVAF [8] .
What dosage adjustments are required in the elderly?
NOACs are indicated for adults older than 18 years. There are age-associated changes in bleeding risk and in drug metabolism and clearance that should be considered when prescribing NOACs to elderly patients. According to product labels, dabigatran should be dosed at 110 mg b.i. d. in patients !80 years of age, and this reduced dose may be considered for patients aged 75-80 years if their thromboembolic risk is low and bleeding risk is high. For apixaban, no dosage adjustment is required based on age alone; however, patients meeting two of three criteria (i.e., body weight 60 kg, age !80 years, and serum creatinine is elevated !1.5 mg/dL) should be dose-reduced to 2.5 mg b.i.d. There are no dosage adjustments for rivaroxaban in the elderly.
How should dosing errors be managed?
Patients taking NOACs should be advised on how to manage missed or forgotten doses. The recommended management strategies depend on the half-life of the particular NOAC and when the missed dose is remembered during the dosing cycle. The EHRA suggests that forgotten doses may be taken up until halfway through the dosing interval (i.e., up to 12 hours for rivaroxaban and up to 6 hours for dabigatran or apixaban) [6] . If the forgotten dose is remembered beyond this time frame, the dose should be skipped and the patient should continue with their next scheduled dose. If there is a suspected overdose in the absence of bleeding, a ''watchful waiting'' approach is appropriate in most cases as the plasma half-life of the NOACs is relatively short. 
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Underdosing of NOACs in real-world practice
Concerns regarding increased risk of bleeding have contributed to underdosing of NOACs in some situations, placing patients at risk of subtherapeutic dosing and inadequate protection against stroke/systemic embolism. Indeed, a propensity-weighted cohort study by Neilsen et al. [47] showed a trend toward higher rates of ischemic stroke and systemic embolism when low-dose apixaban (2.5 mg b.i.d.) was used compared with VKA in AF patients who were naïve to OAC treatment. In this same study, bleeding rates were not significantly different between the two groups, underscoring the importance of correct dosing to achieve a net clinical benefit [47] . Yet, in a recent real-world study of 176 patients treated with NOACs for stroke prevention in NVAF (n = 134) or prevention of venous thromboembolism (n = 40), 34% received an inappropriate dose based on age and renal impairment [48] . Among these, 38% were prescribed a lower dose than recommended. Similarly, a study of 174 consecutive patients receiving NOACs in an outpatient clinic reported that 30.4% received low-dose NOACs despite a low risk of bleeding whereas only 6.8% received a higher dose than recommended [49] . These data suggest that prescribing physicians are hesitant to use the label dosages of NOACs in a substantial proportion of patients who meet indications for antithrombotic therapy without the need for dosage adjustment. Closer adherence to guideline recommendations and a careful evaluation of net clinical benefit are warranted to promote evidence-based use of NOACs in the clinical setting.
How should NVAF patients be switched between VKAs and NOACs?
Switching from VKAs to NOACs is relatively straightforward: patients can be switched immediately if the INR is 3 (rivaroxaban) or 2 (dabigatran or apixaban) [6] . If the INR is between 2 and 2.5, the NOAC can be started immediately or the next day. If the INR is !3, switching should be postponed until the INR falls to <2.5.
Switching from NOACs to VKAs is more complex owing to the slow onset of action of VKAs. It may take 5-10 days for a patient to reach a therapeutic INR when switched to a VKA; therefore, the EHRA recommends continuing the NOAC until the INR reaches 2-3 [6] . Close monitoring of INR is recommended during the transition and for up to 1 month or until three consecutive INR readings of 2-3 are recorded. FXa inhibitors affect INR values; therefore, measurements REVIEW ARTICLE Table 8 . Recommended timing of last NOAC intake prior to elective surgical procedures. should be taken immediately prior to the next administration of NOAC. There is limited evidence to guide switching between the NOACs. The EHRA recommends starting the first dose of apixaban, rivaroxaban, or dabigatran when the next dose of the preceding NOAC would have been due [6] . In situations where higher than therapeutic plasma concentrations are expected such as in patients with renal impairment or the frail elderly, a longer interval between stopping the current NOAC and starting the new one may be considered.
How should patients on NOACs be monitored?
Assessment of renal function is recommended prior to initiation and routinely during maintenance therapy [6] . Regular monitoring of renal function is particularly important in patients receiving dabigatran owing to its predominant renal clearance.
Other assessments that are recommended prior to initiation of any antithrombotic therapy include hemoglobin, hematocrit and coagulation parameters (i.e., prothrombin time, activated partial thromboplastin time, and fibrinogen), and liver function tests if liver dysfunction is confirmed or suspected [4] .
Are reversal antidotes available for NOACs?
Only one NOAC antidote, idarucizumab, which specifically targets dabigatran [50] , was commercially available (only in the United Arab Emirates) at the time these practical perspectives were developed [51] . Several other antidotes were in clinical development at the time these perspectives were developed, including andexanet alpha, which targets FXa inhibitors [52] , and ciraparantag, a potentially ''universal antidote'' [53] .
How should a bleeding event be prevented and managed in patients on NOACs?
The most common adverse event associated with all anticoagulants is bleeding [17] . This is a dynamic process and a patient's status can change rapidly. In general, reversible risk factors for bleeding should be appropriately managed to reduce the risk of bleeding. Co-administration of drugs that further increase the risk of bleeding, such as antiplatelet therapies, should be avoided, if possible. The European guidelines recommend that patients at high risk of GI bleeding should be treated with a VKA or a NOAC other than dabigatran 150 mg b.i.d. or rivaroxaban 20 mg once-a-day (q.d.) (Level IIa B) owing to the higher risk of major GI bleeding with those agents [1] .
Major guidelines recommend a graded approach comprising largely supportive strategies for bleeding events (Table 7 ) since the relatively short half-lives of NOACs make ''time the most important antidote of the NOACs'' [6] .
What should I tell my surgical and dental colleagues about the perioperative management of NOACs?
The rapid onset of action and short half-life of NOACs simplifies periprocedural management strategies compared with VKAs. Nevertheless, cardiologists are often consulted by their noncardiology colleagues regarding the need for interruption of NOACs or bridging with heparin when patients require invasive interventions. NOACs may be safely continued without interruption for procedures that carry only a minor risk of bleeding (e.g., tooth extraction, cataract surgery, pacemaker insertion, and AF ablation) [6, 17] . In these cases, the intervention should ideally be performed at trough concentration of the NOAC (i.e., 12 hours after last intake of dabigatran or apixaban, 24 hours after last intake of rivaroxaban). Recommendations on antithrombotic dosing in patients undergoing specific electrophysiological and device implantation procedures have been published by the EHRA, and have been endorsed by the ESC, Heart Rhythm Society and Asia Pacific Heart Rhythm Society [54] . Table 9 . Suggested management approach to resumption of NOACs after intervention. 
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J Saudi Heart Assoc 2018; 30:122-139 Other same-day procedures carry a higher risk of bleeding (e.g., some biopsies), and short interruption of NOACs may be appropriate based on a careful assessment of a patient's risk of bleeding and thromboembolism, the risk of bleeding associated with the procedure, the patient's renal function, and pharmacokinetics of each NOAC [17, 54] . Evidence from the Phase III clinical trials of NOACs suggests the risk of thromboembolic events with short-term interruption of NOACs is low ( 0.5%) [17] . Preoperative heparin bridging is not recommended because it increases bleeding risk [1, 54] . Clinicians are encouraged to consult their individual institutional guidelines; general recommendations on when to stop NOACs prior to planned interventions are provided in Table 8 .
Recommendations regarding when to restart NOAC dosing also varies by level of patientrelated and procedural risk, and level of hemostasis achieved (Table 9 ). In general, bridging with heparin is recommended only in exceptional cases, for example, after the procedure in patients who cannot tolerate oral medications [17] or in cases requiring immobilization [6] .
Nonelective, urgent surgical procedures should be deferred, where possible, until 12-24 hours after the last dose of NOAC was taken [6] . Coagulation tests may be performed to assess the residual level of anticoagulant effect prior to the procedure.
Can antithrombotic therapy be safely combined with antiplatelet therapy?
Patients fulfilling the indications for both antithrombotic therapy for stroke prevention as well as antiplatelet therapy for CAD require a careful evaluation of net clinical benefit because both classes of medications are associated with an increased risk of bleeding [17] .
There is currently a dearth of data on the efficacy and safety of dual or triple therapy in patients with AF and CAD to guide clinical practice. Several ongoing trials are evaluating the combination of antiplatelet therapies with NOACs in patients with AF after an acute coronary syndrome or stent placement, and the results will help inform the optimal clinical management of these challenging patients.
The American guidelines recommend that after coronary revascularization in patients with CHA 2 -DS 2 -VASc scores of !2, the concurrent use of clopidogrel with OAC but without ASA may be reasonable (Level IIb B) [2] . In contrast, the ESC guidelines recommend triple therapy (OAC plus clopidogrel plus ASA) for 1 month after stenting in patients with stable CAD at risk of stroke (Level IIa B) and for 1-6 months after an acute coronary syndrome with stent implantation (Level IIa C) [1] . Both the ESC guidelines and EHRA guidelines advise a planned schedule for step-down therapy to dual therapy (OAC plus single antiplatelet drug) after 1 to 6 months, and then to OAC monotherapy after 1 year in patients who are stable, as a prespecified strategy to minimize the risk of bleeding [1, 6] .
When should an NVAF patient be referred for left atrial appendage closure?
Left atrial appendage (LAA) closure or partitioning may be indicated for patients with AF and CAD who are at high risk of stroke/systemic embolism and anticoagulant-related bleeding [17] . Surgical closure of the LAA at the time of other surgical procedures, for example, coronary artery bypass grafting, has demonstrated favorable results. The ESC guidelines recommend that LAA occlusion or exclusion be considered for stroke prevention in patients with AF and contraindications to long-term OAC (Level IIb B) [1] . They further recommend that OAC therapy be continued in at-risk patients after surgical occlusion or exclusion of the LAA (Level IB) [1] . The American guidelines recommend consideration of surgical excision of the LAA in patients undergoing cardiac surgery (Level IIb C) [2] . There is some evidence for percutaneous technologies (e.g., the Watchman device) [55, 56] , which suggest noninferiority to VKA treatment for stroke prevention in AF patients at moderate risk for stroke, and possibly lower risk of bleeding [1] .
How should patients presenting with acute stroke while on NOACs be managed?
The management of patients presenting with acute stroke or TIA while on NOAC therapy is largely based on clinical experience and expert opinion because prospective data are missing. Guidelines recommend the prompt correction of coagulation status in patients receiving NOACs who suffer an intracranial hemorrhage (ICH) [6] . Thrombolytic therapy is not recommended in patients who present with acute ischemic stroke if a NOAC was administered within the past 48 hours, in accordance with the half-lives of these agents. Instead, mechanical recanalization of occluded vessels is recommended. The European guidelines recommend that aspirin be considered in AF patients who suffer a stroke until the initiation or resumption of OAC therapy [1] . Combination therapy of OAC and antiplatelet therapy is not recommended after a stroke or TIA [Level IIIB (harm)] [1] . In patients with a previous stroke, the ESC recommends NOACs in preference to VKA or aspirin for secondary stroke prevention (Level 1B) [1] .
When should a NOAC be restarted after an intracerebral hemorrhage?
OAC therapy may be restarted 4-8 weeks after an ICH provided the cause of bleeding or relevant risk factor has been treated or controlled [1] . The EHRA recommends that NOACs may be restarted as early as 10-14 days after an ICH if the patient's risk of recurrent ICH is deemed to be low and risk of recurrent thromboembolism is high [6] . The same factors that increase risk of embolic stroke also increase risk of ICH, namely, advanced age, hypertension, and previous stroke. Anticoagulants including NOACs are contraindicated in patients with a history of spontaneous ICH unless the cause has been identified and reversed. Closure of the LAA may be an appropriate nonpharmacological intervention for patients at risk of recurrent ICH [6] .
When should a NOAC be restarted after an ischemic stroke?
The optimal time to reinstitute administration of NOACs after an ischemic stroke is variable and largely dependent on the infarct size [6] . The European guidelines recommend that anticoagulation be interrupted for 3-12 days after a moderate-to-severe ischemic stroke based on a multidisciplinary assessment of the net risks of acute stroke and bleeding [1] . The EHRA recommends restarting NOAC dosing as soon as possible after a TIA without the need for bridging or aspirin; 3 days after a small, nondisabling embolic stroke; 6 days after a moderate stroke; and 2-3 weeks after a large infarct [6] .
Conclusions
NOACs now have an established role in the prevention of stroke in patients with NVAF. There is a consistent body of clinical trial evidence supporting their comparable efficacy for stroke prevention in NVAF relative to VKAs, with dabigatran 150 mg and apixaban demonstrating superiority versus warfarin. NOACs offer important advantages including lower risk of major bleeding (dabigatran 110 mg and apixaban showed superiority vs. warfarin) and convenient dosing and administration. Real-world evidence is accumulating and providing reassurance that the NOACs are safe in the routine clinical setting across a diverse range of patients, with some differences emerging between individual agents. The optimal use of NOACs in patients with comorbid conditions such as CAD remains to be determined, and several ongoing clinical studies are poised to provide guidance to clinicians on the selection of specific NOACs for individual patients and clinical situations. Growing experience with these agents in the MENA region will help guide patient selection and elucidate optimal dosing strategies to maximize the clinical benefits of the NOACs. 
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